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Abstract:
The exchange of oxygen between the gas phase and the surface of a ceramic electrode, and the
subsequent solid state transport of oxygen ions through the bulk material, is key to the operation of many
electrochemical energy conversion devices, such as solid oxide fuel cells and electrolysers (SOCs) and gas
separation membranes. Whilst the mechanisms of bulk transport in these materials are for the most part
well understood, a precise description of the surface exchange process in atomistic terms is still
unavailable. One key to understanding the mechanisms of oxygen surface exchange in these materials is
knowledge of the composition of the oxide surface under the operation conditions relevant to these devices.
Surface-sensitive ion beam techniques, such as Time-of-Flight Secondary Ion Mass Spectrometry
(ToF-SIMS) and Low-Energy Ion Scattering (LEIS), are making significant contributions to our enhanced
understanding of the materials performance and the degradation processes that occur at high and
intermediate temperatures. On the one hand, LEIS is capable of analyzing the very outer atomic layer of a
surface (i.e. gas-solid interface), which is the relevant surface where the oxygen exchange takes place. On
the other hand, the combination of stable isotope (18O) tracer techniques and ToF-SIMS depth profiling
allows the study of mass transport processes, with the possibility of discriminating between different
diffusion pathways in the electrode materials (e.g. fast grain boundary diffusion versus bulk diffusion). Both
techniques have already provided invaluable information about the actual surface involved in the oxygen
surface exchange with the gas phase, revealing that the chemical composition of the surface and near
surface is significantly different from the bulk material.
In this contribution, we explore how recent instrumental developments and analytical approaches have
boosted the application of these powerful techniques for the characterization of surfaces and interfaces in
these devices. The synergy provided by the excellent elemental sensitivity and lateral resolution of
ToF-SIMS and the single atomic layer resolution of LEIS has firmly established them as go-to analytical
tools amongst other analysis techniques. The insight gained through application of these techniques to
electroceramic materials for SOCs is helping to pave the way towards design principles for the development
of novel materials with tailored and improved performance.
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